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Abstract

With advances in medical technology, extracellular vesicles, also known as ex-
osomes, are gaining widespread attention because of their potential therapeutic
applications. However, their regulatory landscape is complex and varies across
countries because of their unique intracellular mechanisms of action. The diversity
of manufacturing techniques renders their standardization challenging, leading
to a fragmented regulatory landscape. The current global regulatory framework
of exosomes can be broadly classified into two strategies: one involves elucidat-
ing constituent components within exosomes and the other involves examining
the physiological repercussions of their secretion. When using exosomes as thera-
peutic agents, they should be governed similarly to biological medicinal products.
Similar to biologics, exosomes have been analyzed to determine their particle size
and protein composition. An exosome-based therapeutic agent should be clini-
cally approved after understanding its molecular composition and structure and
demonstrating its pharmacokinetics and therapeutic efficacy. However, demon-
strating the pharmacokinetics and therapeutic efficacy of exosomes is challenging
for regulatory agencies. This article reviews the technical characteristics of ex-
osomes, analyzes the trends in regulatory laws in various countries, and discusses
the chemistry, manufacturing, and control requirements of clinical applications.

Exosome therapy is in its infancy, and the industry
must address safety, efficacy, and regulatory issues to
realize the potential of promising exosome-based ther-
apies. Currently, private clinics more frequently provide
exosome-based therapy; however, the US Food and Drug
Administration (FDA) has alerted consumers that no exo-
some products are currently approved.' These confusions
are caused by the lack of regulatory standards.

Exosomes can be generated by different functional cell
types; thus, they are not a single homogeneous compo-
nent.? Exosome secretion is sensitive to culture conditions;
even if they originate from the same type of cells, they
may have different characteristics,” resulting in different
stability and batch-to-batch differences. Because of their
inherent instability, liquid-based exosomes are highly sus-
ceptible to degradation and alteration within a few hours
after production, whether naturally or through engineer-
ing processes. This characteristic has posed challenges
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in quality control testing and has led to the development
of technologies, such as lyophilization and cryopreser-
vation, for integrity and stability. After cryopreservation
and thawing, further investigation is required to deter-
mine whether the exosomes are equivalent to the origi-
nal.* These unresolved challenges have raised concerns
about how to manage the quality, safety, and stability of
exosomes. Furthermore, these issues have contributed to
challenges in developing exosome-based products.

Considering the complexity of exosomes, analyzing
global regulatory frameworks, production techniques,
and existing guidelines for biopharmaceuticals could aid
in establishing clearer rules governing exosomes. This re-
view aims to provide knowledge regarding global trends
and regulatory frameworks in biomedicine, thereby estab-
lishing effective governance and oversight mechanisms
for exosomes.

ADVANTAGES OF EXOSOMES

Exosomes are extracellular vesicles (EVs) with a diameter
of approximately 30-150nm that are naturally produced
by cells. They are responsible for the transfer of biologi-
cal substances, such as proteins, RNAs, and metabolites,
between cells and are crucial in cell-cell communication.
They have several commercial applications and have gar-
nered significant attention over the past decade.’

Exosomes have functions similar to those of cell-based
products, including stem cell adjustment, tissue repair,
and immune regulation. Exosomes as drug delivery sys-
tems have the benefits of natural targeting ability, no
immunogenicity, nanoscale size, overcoming biological
barriers (such as blood-brain-barrier penetration), oral
drug formulation capability, enhanced storage capability,
and natural nanoparticles with reduced safety risks; thus,
these characteristics make exosomes a superior choice as
EVs for drug delivery and other healthcare applications
(Table 1).°

Recent studies have shown that mesenchymal stem
cell (MSC)-derived exosomes, which are extracted from
human tissues, such as the endometrium, bone marrow,
and adipose tissues, have varying therapeutic effects. This
highlights the effect of tissue sources on exosome efficacy.
Additionally, animal models of diseases, such as epilepsy,
Parkinson's disease, and stroke, demonstrated the advan-
tages of MSC-exosome therapy. MSC-exosomes show
promise in ongoing clinical studies for chronic kidney dis-
ease, graft-versus-host disease, skin hyperpigmentation,
COVID-19, and osteoarthritis, exhibiting safety and effi-
cacy in a few cases. Nevertheless, clinical applications face
challenges, such as product heterogeneity, rapid systemic
clearance, and long-term stability. To overcome these

TABLE 1 Exosomes, as delivery vehicles, possess numerous
advantages: Advantages of exosomes as delivery vehicles.

a. Natural targeting ability

b. Nonimmunogenicity

c. Nanoscale size and overcoming biological barriers

d. Blood-brain-barrier penetration

e. Oral drug formulation capability

f. Enhanced storage capability

g. Natural nanoparticle with reduced safety risks

Note: Modified from Exosomes as Carriers for Drug Delivery in Cancer
Therapy Published on March 29, 2022. Surface modification of exosome
membranes can be achieved through direct and indirect methods. Indirect
modification refers to the engineering of exosome-releasing cells. Cell
engineering methods include genetic engineering, metabolic engineering,
and direct membrane engineering of parent cells.

challenges, the standardization of doses, administration
routes, and parent MSC sources is necessary. The urgent
need for preclinical and clinical studies continues to push
MSC-exosome therapy into practice.’

Unlike that of cells, which may be uncontrollable with
varying treatment efficacy, the biological response of exo-
somes is safe and more predictable. Although the duration
of effect may be shorter, exosomes do not have prolifera-
tion or differentiation capabilities similar to those of cells,
but they can store and carry biological substances for tar-
geted and efficient delivery.®

Another advantage of exosomes is that they can be fil-
tered or sterilized before aseptic filling. They also exhibit a
relatively high tolerance to various storage conditions and
can be stored by freezing or freeze-drying methods. This
reduces the overall manufacturing, storage, and transport
costs. Furthermore, their variability is lower than that of
cells when prepared in batches. Based on these advan-
tages, a standardized regulatory framework should be es-
tablished to promote the development and use of exosome
technology worldwide.’

Engineered exosomes can be produced on a large scale
and purified to enhance the quality and purity of exosome-
based drugs. As a result of the development of engineered
exosomes, the quality and purity of exosome-based drugs
can now be evaluated using current good manufacturing
practices (GMP) quality control measures, such as particle
size and quantity assays. However, these quality control
measures cannot ensure the efficacy and potency of exo-
somes in current technology.” To ensure safe therapeutic
applications, manufacturers must report detailed data on
exosome production and characterization, implement rig-
orous quality controls, conduct preclinical testing, and de-
velop in vitro-in vivo-correlated assays under regulatory
oversight.® Currently, regulatory policies and legislation
worldwide are evolving to align with these requirements.
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REGULATING THE UNKNOWN

Exosomes, which carry various functional biomolecules,
have unknown effects on hosts.'” To better understand
their mechanisms, specific components and underly-
ing processes must be analyzed and investigated, similar
to new drugs and biologics. Exosomes contribute to cell
development and physiological changes; thus, their bi-
osafety profiles and quality control must be individually
verified. The primary standards for drug quality con-
trol are the Pharmaceutical Inspection Convention and
Current Good Manufacturing Practices (cGMP) and Co-
operation Scheme Good Manufacturing Practices (PIC/S
GMP), which serve as the primary reference for ensuring
quality during manufacturing processes.

Differences in GMP-based quality systems adopted
by various countries have led to regulatory disparities."
cGMP and PIC/S GMP have distinct approaches for
assessing the quality of cell-based products. Although
both guidelines emphasize quality management sys-
tems, PIC/S GMP provides more details about organiza-
tional structures, responsibilities, and training programs
than cGMP.'® PIC/S GMP also emphasizes robust valida-
tion protocols for critical equipment, software, and pro-
cesses, whereas cGMP focuses on final product quality
control.'!

This difference in regulatory focus leads to variations
in exosome production and manufacturing control. In
the USA, the quality system for pharmaceutical products
is primarily based on cGMP, which governs certification,
processing, and environmental controls throughout the
production process.10 cGMP reduces contamination, de-
fects, and errors, providing significant benefits for mass
production and regulatory approval of exosomes.

Although naturally derived exosomes can be produced,
large-scale production of engineered exosomes for medi-
cal purposes is extremely promising; however, large-scale
GMP-grade manufacturing is extremely complex. Even if
the same cell source is used, exosome contents produced
at the end may differ because of variations in growth con-
ditions, such as temperature, media composition, and the
supplements provided. This is a challenge in large-scale
exosome production.'® The advantage of engineering tech-
nologies for exosome production is that they can ensure a
self-controlled production environment, allowing for the
production of exosomes with higher concentrations and
more uniform quality. This encompasses the manufactur-
ing process and subsequent fill and finish steps and the
monitoring of storage conditions and control of distribu-
tion pathways, all in a manner compliant with regulatory
and GMP requirements.

Minor changes during exosome cultivation may alter
their biological characteristics. Even if they originate from
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the same parent cell, variations in the cultivation condi-
tions, such as cell passage number, culture method, and
culture medium, can result in different exosomes. Thus,
a regulatory approach for cell therapy may not be suitable
for exosome therapy because the efficacies of exosomes
produced by the same cells under different conditions
may differ. Therefore, similar to the verification of the
mechanism of action for biologics, rigorous regulation of
exosomes is extremely important.

Natural exosomes encapsulate various regulatory pro-
teins, microRNAs (miRNAs), messenger RNAs (mRNAs),
and other naturally active substances, demonstrating
excellent therapeutic effects and serving as an import-
ant form of exosome-based therapies.'> Exosome prod-
uct concentration is typically assessed by particle count,
size distribution, and particles per microgram of protein
(particles/pg). However, different methods can yield
significantly varying results for particle size and con-
centration measurements, highlighting the need for stan-
dardized approaches."?

UNLOCK THE SECRET
OF EXOSOME'S MECHANISM
OF ACTION

The identification, quantification, and characterization of
the main substance(s) responsible for a drug's pharmaco-
logical, immunological, or metabolic action is crucial in
the development of exosome-based drugs. The mecha-
nism of action (MOA) of an exosome-based drug product
is determined by both the active drug substance encap-
sulated in exosomes and the characteristics of exosomes
(such as size), which may affect the distribution and me-
tabolism of the drug product. Therefore, quality control
of exosomes is critical. The analysis of active substances
is vital for defining appropriate strategies to control the
quality of exosomes."*

In the early phases of biological drug manufacturing
development, a pragmatic and feasible approach is com-
monly adopted. The standard operating procedures can
ensure high batch consistency, even with repeated manu-
facturing processes. To assess batch-to-batch consistency,
freshly prepared batches are evaluated against previously
manufactured products using biochemical, biophysical,
and functional assays.'? Drugs can be verified through
analytical techniques such as high—performance liquid
chromatography (HPLC) or gas chromatography-mass
spectrometry (GC-MS) to ensure composition and qual-
ity. However, these methods are not directly applicable
to exosome-based products because of their unique prop-
erties.” Because of the limitations of HPLC and GC-MS,
these methods are not suitable for detecting exosome
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material. Consequently, it is crucial to verify the quality
of exosomes before proceeding. In this context, electron
microscopy, dynamic light scattering, and flow cytometry
are valuable tools for determining the size and number of
exosomes. Currently, quality control and production de-
velopment in the exosome field focus on monitoring the
particle size and number distribution rather than content
validation."

To address the gap in quality management systems
for exosome products, regulatory measures and direc-
tions have been proposed, similar to those used in the
biological pharmaceutical industry. The International
Society for Extracellular Vesicles has established Minimal
Information for Studies of Exosome guidelines to promote
their clinical use. Practical checklists, including quantifi-
cation and characterization of exosomes, are included in
the guidelines for researchers and clinicians."

Both biologics and exosomes prompt the desired pri-
mary effects through their MOA.'® Thus, the MOA of
exosomes should be understood for developing effective
treatments. Elucidating therapeutic substances respon-
sible for a particular therapeutic outcome facilitates
researchers in developing more comprehensive and strin-
gent quality control systems for exosome products.

REGULATORY FRAMEWORK

The current global regulatory framework for exosomes
can be broadly categorized into two primary approaches:
one on elucidating the impact of exosome content on
physiological functions and the other on examining the
methods used to obtain exosomes (Table 2). In addition
to noncellular characteristics and purification selectiv-
ity, product verification remains a challenge. Regulatory
agencies in various countries strive to establish a frame-
work that balances safety and efficacy.

UNITED STATES

The US FDA regulates the therapeutic effects of products;
thus, most therapies and products based on EVs and stem
cells are currently being overseen by the US FDA's Center
for Biologics Evaluation and Research (CBER). According
to US regulations, exosome products are governed by the
Public Health Service (PHS) Act Section 351, which regu-
lates human cells, tissues, and cell- and tissue-based prod-
ucts (HCT/P). These products are managed by the Office
of Therapeutic Products, under the US FDA's CBER. In
some cases, products may require evaluation by multiple
centers. In 2019, the US FDA issued safety notices and
consumer alerts to address advances in technology and

the gap in regulatory control for regenerative medical
products (exosome products).'’

Following reports of adverse events experienced by pa-
tients treated with exosome products, the US FDA issued
a public safety notification. As of October 2023, the US
FDA had issued six warning letters regarding exosome
products. These products are regulated as drugs, devices,
and/or biological products under the Federal Food, Drug,
and Cosmetic Act (FD&C) Act and/or the PHS Act and
are subject to additional regulations, including appropri-
ate premarket review. Exosome products marketed for the
treatment of human diseases and conditions are regulated
as drugs under the FD&C Act and biological products
under the PHS Act and are subject to premarket review
and approval requirements.'®

EUROPE

The European Directive (Directive 2001/83/EC and
Regulation 1394/2007/EC) states that exosomes directly
purified from cells or from translated RNA are not consid-
ered advanced therapeutic medicinal products (ATMPs)
and are classified with biological specifications. However,
if exosomes contain functionally translated RNA and pa-
tients have expected therapeutic outcomes following ad-
ministration, they are classified as ATMPs, a broad term
used to group three medicinal product classes intended
for human use, encompassing somatic cell therapy, gene
therapy, and tissue-engineered medicines. Tissue- or cell-
based therapies are regulated as ATMPs and are evalu-
ated by the Committee for Advanced Therapies (CAT)
at the European Medicines Agency (EMA). The CAT is a
specialized committee responsible for all ATMP-related
activities."”

For example, an exosome product containing a regula-
tor protein and microRNA-17 based on the EMA/CAT falls
within the definition of a gene therapy medicinal product
because it is a biological medicinal product containing ac-
tive substances consisting of recombinant nucleic acids.
Its therapeutic effect directly relates to the recombinant
nucleic acid. Thus, the EMA/CAT considers the product
to fall within the definition of a gene therapy medicinal
product as provided in Article 2! of Regulation (EC) No
1394/2007.%

JAPAN

In Japan, products related to regenerative medicine are
considered regenerative medicine products and are gov-
erned by the Ministry of Health, Labour and Welfare
(MHLW) and the Pharmaceuticals and Medical Devices



@ | 50f 8

ASCPT

REGULATION OF EXOSOMES

*(€£20T) 620001 ‘T S219159A 11090.43XF °[ *soNNade1at) paseq SSWOSOXd PUE SI[OISIA TR[N][SIBIIXS JO UONBZI[EIOISWOI PUE UOIR[SULI) [BITUT]D 10] SSUI[PpINy y ‘njey 2 "y ‘Susy) :uoneridwos s0usiafay,
*9sN pue UONNQLISIP 0} JUSUIAIN01d [BLIJeUT MBI WOIJ ‘9[04I 1191} InoydnoIy) sjonpoid resnnaseurreyd jo L11qesdser) pue uonejusawndop radoid oy Surinsus 10§ SuorsiaAoid sopnjoul Iy, *ASUSIOLFo
pue ‘A3a7es ‘Ayirenb Jo sprepue)s YSIy yarm pa[[o13uod pue padnpoid A)u)sisuod are syonpoid [eonnadeurreyd Jey) 9INsUS 0) POPUUL ATe SAUIOPINSG 9SAY [, ‘UBMIEB], PUE ‘@10 [Inos ‘ueder ur paurejqo aIe £33 moy
uo paseq pue adoing pue ySn 9y} ur suonouny [esrSojorsAyd 109 Ued JUSJUO0D dWOSOXI dY} IYIAYM U0 Paseq Ik LY, *SONSIISI0eILYD 119y} uo Surpuadap ‘Oprmpliom A1eA sSWIOSOXd 10j sprepuels £103e[nday :a70N

(gexq)

suoneredaid 9[o1S9A IR[N[[9JBIIXD
107 sa1393ens yuswdoronap

pue [013U0d JULINIORJNUBWL

10§ serdrourd Surpno

9SN I9WINSUO0D JO PuUd

9y} 03 uononpoid [erIejew mel
JO 92IN0S JY) WO} UONEBNSNY
dIND 8/D1d

QUIDIPaW dAT)BIdUSAI
UI POPNOUL SOANIBALI(]

vddl

ueMIB],

sjonpoid d1nadeIdy ], S[OISOA
Te[N[[oBIXH JO JUSWSSISSY
[ESTUI[D PUE ‘[EDIUIOUON
“Kyrend) uo surEpIny

IsSn .IaWNSuU0d Jo pua

9y} 03 uoronpoud [ereew Mel
JO 92IN0S Y} WOl uonen3ay
dIND $/01d

S[[90 Su1Al] 4q

P932103S SI[IISAA JR[N[[OIBIIXD
Suiyund pue Sunejost

Aq parnyoejnueur sgniq

SA4N

9SN IQWNSUOD
JO pua a3 03 uorponpoid
[ELI9JBUI MBI JO 90INOS
) w1y uone[nSY
dID $/D1d

SuOIedIpaW SurureIuod
~[199 SuIAI[UON

VAN ® MTHIN

PAUIL}QO 2IB SOUWOSOXd MOY UO Paseq

2103 INOS

ueder

9SN IQWNSUOD JO PU Y} 0}
uononpoid [eLISjew MBI JO
90IN0S 9} WO uoneMINY

dIND $/D1d

(so1801019) VN paje[suen
[euonounNy sapN[OXy
(dINLLV) VN paje[suer
Teuornoduny seapnoujf

VINH

dors K109

Je sse001d SurnjoejnuUeRW pue
u3sop oy} ojur 3[Iing st Kenb
93 Jey]) 2INSSe 0) suonen3ay
(DIND) 101U0D dINJORINURIA
[esrwayD Juawdo[aad 3onpoid
dINDd

S1onpoxd

onnade1sy [, 1o sisouderp
OSBISIp 10§ SITeWOly] :A9BOIjJo
pue £joJes o) AJe1)suUoOUIdp

0] BJBP OILISAI [BITUID pue
reoruraid juarorgns sopraoid
(VOIN) uonoe Jo wsIueyds N

vadsn

uonounj edrdo[orsAyd 309 je UBd SOWOSOXI JO SHUIUOD)

adoing

vsn

jurod [onuo) Liend)

UOIIBOIJISSB[O 10NPoId
jiun A10ye[n3oy
BLI9IIIO UONBOIISSE[D)

Anuno)

"SOUIOSOX I0F SpIepuels A10)e[n3o1judIdfglq 7 A T19dV.L



60f8 |

‘WANG ET AL.

ASCPT

Agency (PMDA). To gain marketing approval, human
clinical trials and a Marketing Authorization Application
should be conducted by all applicants, followed by obtain-
ing marketing authorization upon review. The PMDA
indicated that cell and gene therapy products are classi-
fied as distinct product categories known as regenerative
medicine products. In contrast, nonliving cell-containing
exogenous preparations are not considered regenera-
tive medicinal products or devices. Instead, they may be
classified as medications because their modes of action
are primarily based on pharmacological, immunologi-
cal, or metabolic mechanisms. Exosomes are categorized
as biologics in Japan and are subject to the same regula-
tory requirements as vaccines, blood products, and other
biologics.” Noncommercial clinical studies on external
preparations for medical use are managed on a case-by-
case basis by physicians outside the scope of regenerative
medicine because these preparations lack living cell com-
ponents and are not considered specific processed cells.*

SOUTH KOREA

The Ministry of Food and Drug Safety (MFDS) is the ad-
ministrative unit that regulates and supervises regenera-
tive medicine-related preparations in South Korea. The
agency classifies regenerative medicine-related prepara-
tions as biologics and manages their marketing. The guide-
lines established by the Korean Society for Extracellular
Vesicles (KSEV) for exosomes are similar to those set by
the International Society for Extracellular Vesicles (ISEV).
These guidelines provide quality, nonclinical, and clini-
cal considerations for developing EV-based products and
ensure their safety and efficacy. Consequently, they have
contributed to the rapid development of exosomes in es-
thetic medicine in Korea. However, no medicinal exo-
some products have been approved for marketing to date.

The National Institute of Food and Drug Safety
Evaluation (NIFDS) of Korea released the Guideline
on Quality, Nonclinical, and Clinical Evaluation of
Extracellular Vesicle Preparations in December 2018.%
This guideline applies to exosomes produced from human
cells. Based on the definition of EV preparations, these in-
clude drugs manufactured by isolating and purifying exo-
somes secreted by living cells. If EV mimics are used to
develop drugs, this guidance may apply; however, further
considerations are expected.

TAIWAN

In Taiwan, the Regenerative Medicine Development Act
defines regenerative medicine to encompass derivatives,

such as exosomes.?* Furthermore, Taiwanese regula-
tory agencies have referenced guidelines and standards
from various countries and organizations, incorporat-
ing PIC/S GMP principles and adding safety and effi-
cacy testing provisions. The Center for Drug Evaluation
(CDE) published the draft guideline for the developmen-
tal strategy of manufacturing control for cell-free vesicle-
based drug products in September 2023. This guideline
references the ISEV, minimum information for studies
of extracellular vesicles 2018 (MISEV 2018), PMDA, and
MFDS, among other relevant organizations. The guide-
line covers the following topics: “Raw Material Control,”
“Exosome Preparation, Separation, and Concentration,”
“Characterization,” “Quality Control of Exosome
Preparations,” and “Stability of Exosome Preparations.”
Inspections are conducted at the raw material stage to
ensure compliance with government policies and fa-
cilitate the establishment of industry standards, pav-
ing the way for the Taiwan Contract Development and
Manufacturing Organization (CDMO) industry to ex-
pand into the market.

In 2022, over 56% of new drug marketing authorization
holder companies globally operated CDMO businesses con-
currently. Asian CDMOs primarily provide raw materials
as their main service, accounting for up to 92% of all Asian
CDMO services. Emerging therapeutic areas, such as gene
therapy, cell therapy, exosomes, and nucleic acid drugs, are
actively being developed.” Leveraging Taiwan's strengths
in small-scale rapid manufacturing in the tech and bio-
tech industries, a CDMO business was actively developed.
The National Institutes of Health's ClinicalTrials.gov
database (https://clinicaltrials.gov/) in 2024 indicated that
eight clinical trials on exosomes were being conducted
in Taiwan, accounting for 3.75% (8/213) of all cell-based
clinical trials. The authors predict that the proportion of
exosomes in clinical applications will significantly in-
crease after the draft is passed, particularly with the active
guidance of policies promoting the establishment of the
CDMO industry.

CONCLUSION

The lack of official approval for injected exosome prod-
ucts worldwide may be attributed to the variability and
impurity of exosome preparations. Furthermore, the spe-
cific MOA remains poorly understood, hindering the de-
velopment of quality control procedures. Best practices for
quality control depend on an understanding of the MOA,
which is crucial for the function and efficacy measure-
ments required for quality management approval. Under
GMP regulations, physical controls on exosome quality
are still basic. Advanced analytical techniques can be used
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to effectively evaluate exosome composition and purity in
future, potentially leading to clearer regulatory oversight
akin to biological products.

Considering current regulatory measures and policy
strategy, clinical trials should be conducted on exosomes
to confirm their MOA. A more comprehensive quality
monitoring should also be performed to identify the
complex exosome content and the limitations of cur-
rent testing methods. Various countries are establishing
monitoring and reporting databases to provide relevant
big data and to inform future policy and regulatory di-
rections. To ensure quality and safety, regulatory over-
sight units may establish standards for professional
knowledge regarding cellular activity and drug effects,
including mechanisms of action. Industry standards for
manufacturing and controlling active cellular products
may also be established, including automated processes
and purification techniques.
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